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Level Measurement SystPmg 

This invention relates to measurement systems for determining the boundaries between phases, in 
particular to such systems in which the boundaries between at least three phases have to be 
located and especially to the location of gas-oil and oil-water boundaries in separation vessels in oil 
production installations. 

In oil production it is often necessary to separate aqueous, oil and gas phases that form the flow 
from a production well. Water and gas are often naturally co-produced with oil and, as oilfields 
approach the end of their useful life, water is often injected into the oil bearing strata to maintain the 
production of oil and this results in the stream from the production wells including an increasing 
proportion of water. Minerals e.g. sand and heavy oil or tar materials e.g. asphaltine, may also be 
present in the flow from the well. This gives a product stream which needs to be separated before 
further processing. 

Typically such separation is carried out in a separation system which may include pre-separation 
means such as a cyclone to separate much of any gaseous phase present from the liquid phases 
and which usually includes a separation vessel in which the fluid flow is slowed and rendered less 
turbulent e.g. using baffles, and then allowed to separate into layers which are then separately 
taken from the separation vessel. The means for removing the respective phases are usually fixed 
within the separation vessel which typically operates at superambient pressure typically up to 
several times ambient pressure e.g. from 2 to 10 bar absolute (0.2 to 1 MPa). The fixed positioning 
of the means for removing the respective phases means that control of the separator to maintain' 
satisfactory operation is by way of controlling the various flow rates (inflow and outflow) so that the 
levels of the various phases in the separator are maintained suitably to enable their ready removal 
from the separator. The separation of the phases may be made difficult in practice by foam formed 
by liquid and gas phases and dispersions or emulsions of oil and aqueous phases. The presence 
of foam-or emulsions makes the inter-phase boundaries less definite and thus makes overall control 
more difficult. The operation of such separators is complicated because it is difficult to determine 
the location of the phase boundaries from outside the separator. The nature of the materials and 
the pressure under which separators operate make it impractical to use direct visual means e.g. 
sight glasses, and instrumental optical systems are not satisfactory. 

The present invention adopts measurements of the absorption or dispersion of ionising radiation as 
a means of measuring the density of the medium at a number, usually many, levels in a multi-phase 
mixture, as in an oil separator, thereby enabling a density profile to be established, from which the 
position of the phase boundaries and, if desired, the thickness of any interphase regions e.g. of 
foam or dispersions or emulsions, can be determined. 
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Accordingly the present invention provides a density profiler for measuring a density profile of a 
medium including at least two liquid phases and a gaseous phase which profiler composes: 
- , • an axially distributed array of sources capable of providing at least 10 collated beams of 
ionising radiation; 

2 an axially distributed array of radiation detectors, each detector being associated m use w.th 
a respective one of the said beams of ionising radiation and producing an output s.gnal ,n 
response to the incidence of the ionising radiation; 

3 means for analysing the detector output signals to determine the density of the med.um 
traversed by the beams of radiation in passing from the source array to the detector array. 



The invention specifically includes: 

an oil separator which incorporates a density profiler of the invention in which in use an ,nput 
oil containing stream includes oil, water (aqueous phase) and gas and the density profiler ,s 
positioned to measure the density of oil. aqueous and gas phases; 

a method of measuring the density profile of a medium including oil, aqueous and gas phases 
in which a density profiler of the invention is positioned in a region of the medium in which the 
different phases are at least partially separated; 

a method of controlling an oil separator including a density profiler of the invention, in which 
the position of the phase boundaries is determined from a density profile measured accord.ng 
to the invention and the inlet flow rate to and/or one or more outlet flow rates from the 
separator are controlled to maintain the position of the phase boundaries w,th.n 
predetermined limits; 

a method of controlling an oil separator including a density profiler of the invention, in which 
the thickness of the interphase regions is determined from a density profile measured 
according to the invention and the concentration of chemicals added to the separator to 
reduce the formation of interphases is controlled to maintain the thickness of the interphase 
regions within predetermined limits. 
The invention further includes a combined radiation source holder and collimator, suitable for use in 
the density profiler of the invention, in which a source holder is a rod having a p.urahty of. 
particularly radial, ho.es adapted to receive radiation sources and. arranged telescopically. des.rably 
substantially coaxially. with the rod, a tube, made of radiation absorbent material, which has 
transmission holes in it. the rod and tube being moveable, particularly axially moveable, relafive to 
one another so that in a first position each source is in registry with at least one transmission hole 
aligned to provide a path along which radiation from the source traverses the thickness of the tube 
to produce a coliimated beam of radiation which is projected laterally relative to the rod and tube. 
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and that in a second position each source is masked by a portion of the tube so that no collimated 
beam of radiation is generated. 

Brief description of Drawings 

Figure 1 is a diagrammatic vertical cross section of part of arrays of sources and detectors of a 

density profiler of the invention. 
Figure 2 is a diagrammatic vertical cross section of an oil separator tank having a density profiler of 

the invention installed. 

Figure 3 is diagrammatic horizontal cross sectional view of sources and detectors of a density 

profiler of the invention. 
Figure 4 is a diagrammatic vertical cross section of part of a source holder and collimator. - 

The density profiler of the invention is intended for use in equipment such as oil separators and 
normally, the source and detector arrays will be arranged vertically or near vertically with the 
collimated beams of radiation between source and detector arrays arranged horizontally or near 
horizontally (but see below concerning multiple beans from single sources). This arrangement 
generally optimises vertical resolution and compactness of the installation, in oil separators there is 
a flow of the multi-phase medium past or between the source array - detector array combination(s). 
The profile measurements thus reflect the situation during a continuous process and can thus be 
used as part of a control feedback loop (see below). 

The limit on the vertical resolution of the density profiler of the invention is determined primarily by 
the vertical separation of the sources and detectors. This is clearly dependent on the sizes of the 
sources and detectors and the precision of collimation of the radiation beams. Generally, the size 
of the detectors, and thus the ability to space them apart (vertically) represents the main limit on the 
vertical resolution. Particularly in density profiling in oil separators, the main end use envisaged, it 
is desirable to achieve a vertical resolution of at least as good as 100 mm and more usually at least 
as good as 50 mm. We have successfully made profilers, in which the vertical detector separation 
of between 25 and 30 mm giving a vertical resolution at least this good. Of course, increasing the 
detector separation will reduce the vertical resolution correspondingly. By reducing the spacing 
between detectors, the vertical detector separation can be reduced to 20 mm and by using the 
techniques mentioned below, the effective detector separation could be reduced to about 5 mm. It 
is possible to process the data from the density profiler to improve the resolution e.g. using 
computer based data processing techniques, but we have not found any specific need to improve 
the basic resolution of the density profiler in this way. 

Thus, the number of solirces and detectors used depends directly on the vertical spacing of the 
detectors and the depth over which it is desired to measure the density profile. Typically practical 
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oil separators have an operating depth of at least 1 m and sometimes as much as 3 m. 
Accordingly, the use of fewer detectors than 10 will not give adequate resolution in practical 
systems and more usually the minimum number of detectors will be about 20. To achieve results 
with a more nearly optimal resolution the number of detectors will typically be from 30 to 100, more 
usually 40 to 70. The detectors generally correspond 1 :1 to the coilimated beams generated from 
the sources. As is described below, it is possible to obtain multiple coilimated beams from single 
sources so the number of sources may be a fraction of, but not usually less than about half the 
number of beams and detectors. 

The invention is particularly applicable to density profile measurement in oil separators where, 
typically, there are at least three phases present: oil, gas and an aqueous phase (sometimes brine) 
and often in effect a fourth phase of sand or relatively high molecular weight and density bituminous 
hydrocarbons commonly called asphaitines which can form a sludge at the bottom of the separator. 
The accumulation of excess sand and sludge is usually detected by a mechanical level sensor, but 
the density profiler of the invention could also do this. In normal use, the density profiler will be 
arranged to be immersed in or traverse all three of the main fluid phases. In addition to the 
separate fluid phases, it is often the case that at the aqueous/oil interphase boundary, emulsions - 
either water in oil or oil in water - are frequently formed (or incompletely separate), and at the gas/oil 
interphase boundary, foams may be formed. Using the density profiler of the invention, it is 
practical both to locate the interphase boundary regions and to estimate the thickness of any 
interphase emulsion or foam. 

Clearly the ability to determine the extent of any interphase emulsion or foam depends on the 
vertical resolution of the density profiler. The practical values of resolution as discussed above are 
adequate for realistic assessment of both the location of a phase boundary and the assessment of 
the thickness of interphase emulsion or foam. With practical detectors (see below) the density 
measurement when a phase boundary lies alongside a detector may be an intermediate value for 
the values from each phase separately. Although this may have a theoretical effect on ultimate 
precision, we have not found that it gives rise to a real difficulty in practice. 

The main mechanism by which the coilimated beam of ionising radiation is attenuated is Compton 
scattering, the extent of which is directly related to the density of the medium through which the 
beam passes and inversely related to beam energy. The beam length, the linear spacing between 
each detector and the corresponding coilimated source through the medium whose density is being 
measured or profiled, will generally be chosen depending on the energy and intensity of the 
coilimated beam and the density of the medium. In practice, the minimum and maximum path 
- lengths will also be determined by the operating environment. In (in-line) oil separators the 
minimum beam length will generally be about 2.5 cm to minimise the risk of blockage of the 
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source/detector gap and the maximum beam length is not likely to be more than about 1 .5 m or the 
profiler will be too targe for practical use in in-line separators. Within these limits the maximum ' 
beam length is limited by the need to have a detected signal above the noise floor of the system 
(dependent on source energy and intensity) and the minimum beam length by obtaining sufficient 
absorption to resolve density differences adequately (dependent primarily on beam energy). Thus 
for a given source intensity, a high energy beam needs a longer minimum beam length than a less 
energetic beam. As is explained below, generally in this invention the beam length is from 3 to 15, 
more usually from 5 to 10, cm although longer beam lengths can be used. Compact equipment has 
a particular advantage in fitting to pressurised equipment in that it requires less extensive access 
through the wall of the pressure vessel. Also, the use of lower energy (less penetrating) radiation 
reduces the risk of radiation exposure. 

The energy of the source radiation is typically not more than about 750 keV and is desirably lower 
than this. The source can be a radioactive isotope as is used in conventional (single source/ 
detector) density gauges where the radiation source is commonly the 661 keV gamma radiation 

137 

from Cs. For practical gauges, the beam length is typically 40 to 100 cm and this is 
inconveniently long for use in a density profiler to be retrofitted to a pressure vessel through a single 
port - typical ports in oil separator pressure vessels are from 10 to 30 cm (4 to 12 inches) commonly 
about 1 5 cm (6 inches) in diameter. The use of a lower energy source is thus desirable and 
energies of less than 500 keV, particularly less than 300 keV and optimally less than 100 keV, are 
desirable in this invention. The minimum energy of the radiation is about 20 keV, less energetic 
radiation will generally have too short an effective path length to be useful, and more desirably the 

source energy is at least about 40 keV. Thus, lower energy sources than 137 Cs gamma sources 

are desirable. Potential sources include 133 Ba which is a 356 and 80 keV gamma source and, 

particularly desirably, 241 Am which is a 60 keV gamma source. The use of 241 Am as the source for 
the ionising radiation used in this invention forms a specific aspect of the invention. Of course, for a 
permanent installation, a radioisotope source will be chosen to have a relatively long half life both to 
give the equipment a satisfactory service life and to reduce the need to 

recalibrate to take account of reduction in source intensity from source ageing. Usually, the half life 
of the radioisotope used will be at least 2, and desirably at least 10, years, and not usually more 
than about 10000, more desirably not more than about 1000, years. The half lives of the 

radioisotopes mentioned above are: 137 Cs gamma ca. 30 years, 133 Ba ca. 10 years and 241 Am 
ca. 430 years. These values, especially for the Americium, are satisfactory for use in density 
profilers of the invention. The use of an 241 Am source enables the jjse of a path length of from 5 to 
10 cm so that a profiler can be installed through a single 15 cm port. Other radioisotope sources 
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can be used if desired, especially those having properties as described above, but other such 
sources are not generally readily available from commercial sources. By using low energy sources 
equipment handling and source shielding are also made safer and/or easier. The source radiation 
could also be X-rays and, although robust compact sources are not easy to engineer, for such 
sources, intrinsic source half life is not a problem. 

Desirably the source intensity will be at least about 4x1 0 7 , more usually from 4x1 0 8 to 4x1 0 9 , 
Becquerel (Bq). The use of sources with lower intensity may require unduly long integration times 
to obtain adequately precise results (signal to noise ratio) and more intense sources are relatively 

241 

expensive and/or may lead to swamping of the detectors. Am sources having an intensity of 

0 

about 1 .7x10 Bq are readily commercially available and are suitable for use in this invention. 

There are practical engineering limits to the precision of collimation (nearness to a non-spreading 
beam). Simplicity of design will usually lead to accepting a degree of spread in the beam that may 
result in detectors picking up radiation from more than one source (crosstalk). In this invention, we 
have found that crosstalk can be reduced by using multiple columns of detectors with detectors in 
each column being correspondingly more widely spaced and the beams aligned with one column of 
detectors being radially angularly displaced from those for other detector column(s). In theory 
multiple columns of sources could also be used, but this adds substantially to the precision of 
manufacture and set up required to maintain resolution. We have achieved significant gains by 
using two columns of detectors. The use of more than three columns of detectors is not desirable 
because of the increased risk of physical obstruction of the beam paths and added construction 
complexity and (radial/horizontal) size. A further benefit from using multiple detector columns is that 
where electrically powered detectors are used, the reduction in the number of detectors in each 
column reduces the power supplied to each column making it easier to comply with safety 
requirements in when dealing with highly combustible oil/gas systems. We have successfully built 
profilers that meet the "intrinsic safety" requirement in oilfield operation. (See also below in the 
discussion of detectors.) 

The invention accordingly includes a density profiler of the invention in which the detector array 
includes at least two columns of detectors, the columns of detectors being radially angularly 
displaced from each other. Desirably, the beam lengths of the radiation between the sources and 
the corresponding detectors in the different columns are substantially equal. This can readily be 
. achieved by locating the columns of detectors radially substantially equidistant from the source 
array. 
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The simplest arrangement of sources and detectors is 1:1 pairwise matching with horizontal 
collimated beams. However, the radiation sources are a significant part of the system cost and this 
can be reduced by collimating multiple beams from single sources. Two beams can be collimated 
from single sources relatively easily with only a minor reduction in the resolution of the system and 
although it is theoretically possible to collimate more beams from a single source, the savings 
available are limited and the added complexity and loss of resolution are likely to be significant. 
One way of producing pairs of collimated beams from single sources is described in more detail 
below in connection with the source holder. 

The particular detectors used in a density profiler are not in themselves critical although in practice 
compact devices will usually be chosen. The detectors as in use immersed in the test medium, can 
be electrically powered e.g. Geiger-Muller (GM) tubes or scintillation detectors linked with 
photomultipiiers, or unpowered as in simple scintillation devices. Among electrically powered 
detectors, GM tubes are particularly convenient, because they are electrically and thermally robust 
and are available in mechanically robust forms. Among unpowered detectors scintillation detectors 
linked to counters by fibre optic links (optionally with photomultipiiers outside the container for the 
medium under test) are particularly useful. When electrically powered detectors are used and 
especially when the density profiler is used in a combustion or explosion risk environment, it is 
desirable that the total electrical energy and power associated with the detectors is sufficiently low 
as not to be a significant source of ignition in the event of system failure (particularly resulting in 
direct contact between combustible or explosive materials and any electrically live components). 
Photomultipiiers generally require relatively large amounts of electrical power (as compared with 
GM tubes) and it is thus preferable to avoid including these (effectively) as part of the detectors. 
GM tubes are readily available with physical dimensions of cylinders about 12.5 mm long and about 
5 mm in diameter. The resolution figures given above are based on such tubes arranged with their 
axis vertical and aligned coaxialiy (one above the other). The resolution could be improved by 
using smaller devices (GM tubes as short as about 5 mm are available) or by spacing the GM tubes 
more closely e.g. with their axes arranged horizontally, or by offsetting their axes and overlapping 
the cylinders in a vertical direction, although closer spacing may increase the extent of crosstalk. 
Using commercially available 12.5 mm GM tubes it is practical to fabricate arrays containing up to 
about 32 detectors, or even up to about 48, whilst restricting the total power in the detector array so 
that it satisfies the "intrinsically safe" rating for use in combustible or explosive environments as 
found in oil/gas extraction. Of course, using unpowered scintillation detectors with fibre optic links is 
even safer as there are no electrical components necessary in the detector array. 

The counting devices for any of these detectors will usually be electronic and each detector will be 
associated with a counter which will usually be linked to a device that translates the detection 
(count) rate to a measure corresponding to density for each detector. Using modern electronics it 
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- will usually be practical to provide a counter for each detector, but time division multiplexing of 
counters .can be used although with a resultant increase in the time needed for measurement of a 
density profile. 

For use in fluid environments especially the relatively aggressive environment of oil separators, the 
source and detector arrays of a density profiler will usually be placed in dip tubes that provide a 
mechanical (pressure), chemical and, particularly for electrically powered detectors, an electrically 
insulating barrier between the components of the profiler and the material being profiled. The 
material of the dip tubes will be chosen to have sufficient strength and chemical resistance and to 
be suitably transparent to the ionising radiation. Using high energy sources, transparency is not 
likely to be a problem (and consequently proper safety shielding may be a problem) and materials 

241 

such as stainless steel can readily be used. Using low energy sources e.g. Am, the dip tubes 
will usually be made of more radiation transparent materials such as titanium, at a thickness of from 
1 to 3, particularly about 2, mm or high performance synthetic composites e.g. fibre (glass or 
carbon) reinforced PEEK (aromatic poly-ether-ether-ketone) where the wall thickness may be 
higher e.g. from about 3 to about 10 mm. Where electrically powered detectors are used and the 
material of the dip tube is metallic a separate electrically insulating barrier will generally also be 
provided. 

The radiation sources will normally be retained in a holder which can be removed from the dip tube, 
to simplify installation and maintenance. The invention includes a combined source holder and 
beam collimator which can also act as a source shield. In this aspect of the invention the source 
holder is typically a solid rod, e.g. of stainless steel, typically having a diameter of from 10 to 
20 mm, having a plurality of longitudinally spaced radial holes adapted to receive radiation sources. 
The collimator is a tube, typically arranged in use to fit coaxiaily over the source holder, made of 
radiation absorbent material, which has transmission holes in it which in use are arranged so that 
each source has aligned with it one or more holes which act to transmit, collimate and direct the 
radiation towards the detectors. The rod and tube can be made relatively moveable so that in a first 
position at least one coilimated beam is generated from each source and a second position each 
source is masked by a portion of the tube so that the bulk of the radiation from the source is 
absorbed or scattered and no coilimated beam of radiation is generated. The relative movement 
can be axial or rotational, although the latter may be complicated if more than one column of 
detectors is used. Where a single beam is produced from each source, the hole in the wall of the 
tube will generally be horizontal. When more than one beam is generated from a single source, the 
(or at least some) holes may extend at angle(s) above and/or below horizontal. Where plural 
columns of detectors are used the alignment of sources and collimator holes will be at suitable 
radial (and if necessary vertical) angles to project beams toward the detectors. 
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In Figure 1 of the accompanying drawings a source dip tube (1) has within it a distributed array of 
collimated sources (2) of ionising radiation (the sources will usually be mounted in or on a source 
holder but this is omitted for clarity). Spaced from the source dip tube is a detector dip tube (3) 
having within it a support board (4) for an axially distributed array of detectors (5) with connections 
(6) to an analysis unit for receiving and processing the output signals from the detectors (5) (not 
shown). Typically the detectors can be GM tubes and the support (4) will be or include a circuit 
board for the electrical components and connections including connections (6). Alternatively the 
detectors can be scintillation devices and the connections (6) can be fibre optical connections to the 
analysis unit (which may include optical amplification means or optical/electronic amplification 
means such as photomultipliers and means for conversion from light to electrical signals such as 
photodiodes). In use, a collimated beam (7) of radiation is emitted by the source and passes 
through the medium between source dip tube and detector dip tube in the process being 
attenuated, mainly by Compton scattering, towards the corresponding detector. The signal at the 
detector corresponds to the extent of beam attenuation and thus to the density of the medium. 

In Figure 2 density profiler dip tubes (1 ) and (3) (sources and detectors not shown for clarity) pass 
through the wall of pressure vessel (14) of an oil separator and are immersed in the multi phase 
medium within the vessel, typically arranged substantially vertically. The input flow (10) is a mixture 
of oil, gas and aqueous phase ("water") which is passed to cyclone 1 1 to effect preliminary 
separation of gas which is vented through outlet line (12) usually for further processing and fluid 
which flows to the main separator through line (13). The fluid flow is slowed and rendered less 
turbulent by baffles (15) before separating into layers of gas (16), water (17), sand/sludge (18) and 
oil (19). The separated layers flow out through ports for gas (20), oil (21 ) and water (22) 
respectively. In practice, the cyclone may be incorporated into the structure of the separator 
pressure vessel (14) and gas outlet flow (12) may be made common with gas outlet flow (20). A 
further port (not shown) may be provided in the base of the vessel to remove sand/sludge. In 
operation of the density profiler the signal (e.g. in the form of a count) obtained from each detector 
depends on the density of the medium lying in the beam length to that detector so that the detector 
signals collected and processed by the analysis unit provide a representation of the density and 
thus the composition profile of the fluid through its depth at least from above the gas/oil interface to 
below the oil/water interface. 

In Figure 3, a pair of detector dip tubes (3) each has a support board (4) and detectors (5). In the 
source dip tube (1 ) collimated sources (2) are arranged in an axial (vertical) array and are 
alternately directed to target detectors in each of the columns of detectors. 
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One form of the source holder and collimator of the invention is- illustrated in Figure 4 where source 
containers (25) include sources (26) held in holes (27) in holder rod (28). The source containers 
are made of radiation absorbent material so that radiation is emitted substantially from the source 
(radiation open) end of the container. Surrounding the source holder rod is screen/collimator tube 
(29) which includes holes (30). As shown, the holes (30) are positioned opposite the sources and 
act to produce collimated beams of radiation (31 ). Relative movement, particularly axial movement, 
of source holder rod and screen/collimator tube will position 'blank' regions of tube wall opposite the 
active end of the sources thus substantially preventing the radiation passing through the tube wall. 
The upper part of Figure 4 shows a single collimated beam being generated from a source and the 
lower part of the Figure illustrates one way of generating two collimated beams from a single 
source. 

In an oil separator, for example as illustrated diagrammatically in Figure 3, the gas phase as it 
separates from the oil phase may entrain drops or droplets, e.g. aerosol droplets, and/or may form 
a foam interphase with the oil. The presence of excessive amounts of foam and/or of a persistent 
foam may reduce the effectiveness of separation by oil flowing out of the separator with the gas or 
gas with the oil. Drop(let)s may be encouraged to precipitate from the gas phase by the inclusion of 
baffles, nets, filters or similar devices in the separator. These will usually be positioned in the gas 
phase, often including adjacent the gas outlet, and frequently extending under the surface of the oil 
phase to enhance drop(let) precipitation. The precipitation of oil drop(let)s from the gas phase may 
also be enhanced by the inclusion of anti-foam chemical agents in the medium. This may be used 
in combination with mechanical devices such as those as described above. 

Similarly, emulsions and/or dispersions, water in oil or oil in water, may be formed as an interphase 
between the oil and aqueous phases, possibly resulting in entrainment of oil in the water or water in 
the oil. The addition of chemical demulsifier agents to the medium can be used to reduce the extent 
of such emulsions and dispersions and thus enhance oil/water separation. 

The presence of substantial interphases is undesirable as it reduces the thickness of the phases 
where separation is substantially complete and thus makes the control of the separator more critical 
- if phase mixing in the outlet(s) is to be avoided . The density profiler of this invention enables 
accurate estimation of the position of the phase boundaries to be made and also an estimation of 
the thickness of any interphase regions. These data can be used to control the separator by: 

1 adjusting the inlet flow rate and/or one or more outlet flow rates so as to control the 
position of the phase boundaries within predetermined limits; and/or 
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2 adjusting the rate of addition of anti-foam agents and/or demulsifiers to control the 
thickness of a foam or emulsion or dispersion interphase layer(s) respectively within 
predetermined limits. 

The density profiler of the invention can thus be included in a feedback control loop for the oil 
separator. The control loop can include manual setting of control valves of additive feed rates in 
response to measured density profiles or can (at least in principle) be included in automatic control 
systems. 
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Claims 

1 A density profiler for measuring a density profile of a medium including at least two liquid 
phases and a gaseous phase which profiler includes: 

1 an axially distributed array of sources capable of providing at least 10 coilimated 
beams of ionising radiation; 

2 an axially distributed array of radiation detectors, each detector being associated in 
use with a respective one of the said beams of ionising radiation and producing an 
output signal in response to the incidence of the ionising radiation; 

3 means for analysing the detector output signals to determine the density of the 
medium traversed by the beams of radiation in passing from the source array to the 
detector array. 

2 A density profiler as claimed in claim 1 wherein the axial separation between successive 
detectors is from 5 to 50 mm. 

3 A density profiler as claimed in claim 1 wherein the axial separation between successive 
detectors is from 20 to 30 mm. 

4 A density profiler as claimed in any one of claims 1 to 3 wherein the number of detectors is 
from 20 to 100. 

5 A density profiler as claimed in any one of claims 1 to 4 wherein the beam length between 
source and detector is from 3 to 15 cm. 

241 

6 A density profiler as claimed in any one of claims 1 to 5 wherein the sources are Am 
60 keV gamma sources. 

7 A density profiler as claimed in any one of claims 1 to 6 wherein the sources have an 
intensity of from 4x1.0 8 to 4x10 9 Becquerel. . . . . 

8 A density profiler as claimed in any one of claims 1 to 7 in which the detector array includes 
at least two columns of detectors, the columns of detectors being radially angularly displaced 
from each other. ~ 

9 A density profiler as claimed in claim 8 in which the columns of detectors are located radially 
substantially equidistant from the source array. 
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10 A density profiler as claimed in any one of claims 1 to 9 in which in the array of sources, two 
beams are collimated from single sources. 

1 1 A density profiler as claimed in any one of claims 1 to 10 in which in the detectors are 
Geiger-Muller tubes or scintillation detectors linked with photomultipliers, or unpowered 
scintillation devices. 

12 A density profiler as claimed in any one of claims 1 to 1 1 in which the source and detector 
arrays of the density profiler are placed in dip tubes. 

1 3 A density profiler as claimed in claim 8 in which the dip tubes are of titanium and have a wall 
thickness of from 1 to 3 mm. 

14 Combined source and detector arrays for a density profiler for measuring a density profile of 
a medium including at least two liquid phases and a gaseous phase which array includes: 

i an axiaily distributed array of sources capable of providing at least 1 0 collimated 
beams of ionising radiation; 

ii an axiaily distributed array of radiation detectors, each detector being associated in 
use with a respective one of the said beams of ionising radiation and producing an 
output signal in response to the incidence of the ionising radiation. 

15 Combined arrays as claimed in claim 14 wherein the axial separation between successive 
detectors is from 20 to 30 mm. 

16 A density profiler as claimed in either claim 14 or claim 15 wherein the number of detectors is 
from 20 to 100. 

1 7 A density profiler as claimed in any one of claims 14 to 16 wherein the beam length between 
source and detector is from 3 to 1 5 cm. 

1 8 A density profiler as claimed in any one of claims 14 to 17 wherein the sources are 241 Am 
60 keV gamma sources. 

19 A density profiler as claimed in any one of claims 14 to 18 wherein the sources have an 
intensity of from 4x1 0 8 to 4x10 9 Becquerel. 
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20 A density profiler as claimed in any one of claims 14 to 19 in which the detector array 
includes at least two columns of detectors, the columns of detectors being radially angularly 
displaced from each other substantially equidistant from the source array. 

21 A density profiler as claimed in any one of claims 14 to 20 in which in the array of sources, 
two beams are coliimated from single sources. 

22 A density profiler as claimed in any one of claims 14 to 21 in which in the detectors are 
Geiger-Muller tubes or scintillation detectors linked with photomultipliers, or unpowered 
scintillation devices. 

23 A density profiler as claimed in any one of claims 14 to 22 in which the source and detector 
arrays of the density profiler are placed in dip tubes of titanium and have a wall thickness of 
from 1 to 3 mm. 

24 An oil separator which incorporates a density profiler as claimed in any one of claims 1 to 13 
in which in use an input oil containing stream includes oil, water (aqueous phase) and gas 
and the density profiler is positioned to measure the density of oil, aqueous and gas phases. 

25 A method of measuring the density profile of a medium including oil, aqueous and gas 
phases in which the source array and detector array(s) of a density profiler as claimed in any 
one of claims 1 to 13 is positioned in a region of the medium in which the different phases are 
at least partially separated. 

26 A method of controlling an oil separator including a density profiler as claimed in any one of 
claims 1 to 13, in which the position of the phase boundaries is determined from a density 
profile measured as claimed in claim 25 and the inlet flow rate to and/or one or more outlet 
flow rates from the separator are controlled to maintain the position of the phase boundaries 
within predetermined limits. 

27 A method of controlling an oil separator including a density profiler of the invention, in which 
the thickness of the interphase regions is determined from a density profile measured as 
claimed in claim 30 and the concentration of chemicals added to the separator to reduce the 
formation of interphases is controlled to maintain the thickness of the interphase regions 
within predetermined limits. 

28 A method as claimed in claim 27 in which the chemicals added to the separator include at 
least one anti-foam agent and/or demulsifier. 
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29 A combined radiation source holder and collimator, suitable for use in the density profiler as 
claimed in any one of claims 1 to 13, in which a source holder is a rod having a plurality of 
holes adapted to receive radiation sources and, arranged telescopically with the rod, a tube, 
made of radiation absorbent material, which has transmission holes in it, the rod and tube 
being moveable relative to one another so that in a first position each source is in registry 
with at. least one transmission hole aligned to provide a path along which radiation from the 
source traverses the thickness of the tube to produce a coilimated beam of radiation which is 
projected laterally relative to the rod and tube, and that in a second position each source is 
masked by a portion of the tube so that no coilimated beam of radiation is generated. 

30 A source holder and collimator as claimed in claim 29 in which the holes adapted to receive 
radiation sources are radial holes in the source holder rod. 

31 A source holder and collimator as claimed in either claim 29 or claim 30, in which the tube of 
radiation absorbent material is arranged substantially coaxially with the source holder rod. 

32 A source holder and collimator as claimed in any one of claims 29 to 31 , in which the source 
holder rod and the tube of radiation absorbent material are axially moveable relative to one 
another. 

33 A source holder and collimator as claimed in claim 32 in which the source holder and tube of 
radiation absorbent material are axially moveable relative to one another between a first 
position in which at least one coilimated beam is generated from each source and a second 
position each source is masked by a portion of the tube so that the bulk of the radiation from 
the source is absorbed or scattered and no coilimated beam of radiation is generated. 
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